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(57) Abstract: The present 
provides for a zinc-based 
electrode (i.e., anode) for an 
electrochemical cell. The 
electrode comprises zinc 
suspended in a gelling agent. 



invention 
negative 
alkaline 
negative 
powder 

The zinc 



powder has an average particle size 
substantially greater than 25 micrometers, 
and preferably has an average particle 
size of 150 micrometers or smaller. The 
zinc powder has less Lhan 1 weight percenl 
zinc dust of a particle size less than 25 
micrometers. The cell achieves enhanced 
cell discharge performance at high rate 
discharge, while minimizing gassing. 
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ZINC-BASED ELECTRODE 
FOR ALKALINE ELECTROCHEMICAL CELL 
BACKGROUND OF THE INVENTION 
5 The present invention relates generally to alkaline electrochemical cells, and more 

particularly to an alkaline electrochemical cell having a gelled negative electrode containing zinc 
powder. 

Alkaline electrochemical cells (i.e., batteries) generally include a positive electrode, 
commonly referred to as the cathode, and a negative electrode, commonly referred to as the 

10 anode, arranged in a container and separated by a separator. The anode, cathode, and separator 
simultaneously contact an alkaline electrolyte solution which typically includes potassium 
hydroxide (KOH). In some cells, the cathode comprises manganese dioxide (Mn02> as the 
electrochemically active material, and further includes graphite and other additives. The anode 
typically comprises zinc powder as the electrochemically active material The zinc powder is 

15 typically suspended in a gelling agent to provide a gel-type anode. 

Conventional zinc-based cells commonly employ an unamalgamated coarse zinc powder 
having typical particle sizes up to 700 micrometers. Some conventional zinc electrodes employ 
zinc powder having an average particle size of approximately 160 micrometers. It is generally 
recognized that the use of smaller size zinc particles are more desirable in order to enhance 



20 



service performance at high rate discharge. Battery manufacturers commonly employ zinc 
powder which typically includes a zinc dust with a particle size of less than 25 micrometers. 
Prior to use in batteries, the zinc powder is typically filtered during a sieving process to obtain a 
desired average zinc particle size. However, a certain amount of zinc dust generally remains 
present in the filtered zinc powder. In some batteries, battery manufacturers intentionally 
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i 

! 25 increase the amount of zinc dust, such as is disclosed in published Japanese Application No. 

> 

■ SHO 57[1982)-182972 and PCT International Publication No. WO99/07030. 

The zinc powder is generally classified by a specific average particle size, which may 
also be indicated by the standard mesh size through which the zinc powder is sieved. Zinc 
powder having a desired average particle size can be separated from other size particles by 
30 allowing zinc particles to pass through openings in a certain size mesh screen, while preventing 
other particles from passing through openings in a separate sized mesh screen. It should be 
appreciated that the size of the zinc particles is generally constrained within the limits of the 
mesh screens used in the sieves. However, in conventional zinc powder processing for battery 
' applications, zinc dust (particles less than 25 micrometers) generally remains with the zinc 

35 powder and, as a consequence, the zinc dust is also employed in batteries by a battery 
manufacturer. 

A goal in designing alkaline electrochemical cells is to increase the anode discharge 
. performance, particularly at high rate discharge. While fine zinc particles may enhance the 

service performance achievable in a cell during a high rate discharge, excessive amounts of zinc 
! 40 dust may be the cause of other problems such as contributing to significant amounts of anode 

gassing, thus resulting in an undesired cell condition. It is therefore desirable to provide for an 

enhanced negative electrode that provides for enhanced service performance at high rate 

discharge, while minimizing the amount of gassing in the cell. 

45 SUMMARY OF THE INVENTION 

The present invention improves the discharge service performance of an alkaline 
electrochemical cell, particularly for high rate discharge, while at the same time minimizing 
electrode gassing. To achieve this and other advantages, the present invention provides for a 
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negative electrode for an alkaline electrochemical cell. The negative electrode comprises zinc 
1 50 powder having an average particle size substantially greater than 25 micrometers and, 
i preferably, the zinc powder also has an average particle size of 150 micrometers or less. The 

zinc powder contains less than 1 weight percent zinc dust, based on the total weight of the zinc, 
and the particle size of the zinc dust is less than 25 micrometers. According to the preferred 
embodiment, the zinc powder contains substantially no zinc dust 
55 The present invention also provides for an alkaline electrochemical cell comprising a 

positive electrode, an alkaline electrolyte and a negative electrode comprising zinc powder 
having an average particle size substantially greater than 25 micrometers and, preferably, the 
zinc powder also has an average particle size of 150 micrometers or less. The zinc powder 
contains less than 1 weight percent zinc dust, based on the total weight of the zinc, and the 
60 particle size of the zinc dust is less than 25 micrometers. According to the preferred 
! embodiment, the zinc powder contains substantially no zinc dust. 

| The present invention also includes a process for making the negative electrode for an 

, electrochemical cell comprising the steps of providing a zinc powder, removing the dust from 

i 

the zinc powder so that the zinc powder contains less than 1 weight percent zinc dust of a 
65 particle size less than 25 micrometers and then forming a negative electrode with the zinc 

i 

powder. 

In another embodiment, the present invention includes a method of manufacturing an 
electrochemical cell comprising the following steps. Providing a container with an open end. 
! Disposing a cathode within the container. Inserting a separator within the container and in 

70 contact with the first electrode. Forming an anode comprising a zinc powder containing less than 
1 weight percent zinc dust, based on the total weight of zinc. The zinc dust has a particle size 
! less than 25 micrometers. Disposing the anode within the container such that the anode is 
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physically isolated from the cathode by the separator. Disposing an electrolyte within the 
container and in contact with the cathode and anode and then sealing the open end of the 
75 container. 

These and other features and advantages of the present invention will be further 
understood and appreciated by those skilled in the art by reference to the following specification, 
claims and appended drawings. 



80 BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 

FIG. 1 is a cutaway perspective view of an alkaline electrochemical cell employing a 
zinc-based negative electrode in accordance with the present invention; 

FIG. 2 is a flow diagram illustrating a method of forming the zinc-based negative 
85 electrode according to the present invention; 

FIG. 3 is a graph comparing measured gas evolution experienced during a test with zinc 
powder having various amount of zinc dust; and 

FIG. 4 is a graph comparing measured gas evolution experienced during a test with 
various zinc powder having various particle sizes. 

90 

HFT AIT Pn HFSrRTP TION OF THE PREFERRED EMBODIMENTS 
An anode of the present invention preferably employs zinc powder having an average 
particle size greater than 25 micrometers and less than 150 micrometers, and contains zinc dust 
in the amount of less than 1 weight percent of the total zinc. Zinc dust is defined herein as zinc 
95 particles having a particle size of less than 25 micrometers. More preferably, the zinc powder 
has substantially no zinc dust Other embodiments of the present invention employ zinc powder 
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having an average particle size less than 150 micrometers and greater than 45 micrometers, or 
greater than 65 micrometers, or greater than 85 micrometers. According to one embodiment, the 
average particle size of the zinc powder is between 100 micrometers and 120 micrometers, 

100 preferably equal to.approximately 1 10 micrometers. 

The average particle size of the zinc powder is referred to herein as the D50 median 
value. The D50 median value is determined by using the sieve analysis procedure described in 
the American Society for Testing and Materials (ASTM) standard B214-92, entitled Standard 
Test Method for Sieve Analysis of Granular Metal Powders, and the reporting procedure 

105 described in ASTM D 1366-86 (Reapproved 1991), entitled Standard Practice for Reporting 
Particle Size Characteristics of Pigments. ASTM standards B214-92 and D 1366-86 
(Reapproved 1991) are herein incorporated by reference. As used in this document, the zinc 
powder's D50 median value is determined by plotting the cumulative weight percentages versus 
the upper class size limits data, as shown in ASTM D-1366-86, and then finding the diameter 

1 10 (i.e. D50) that corresponds to the fifty percent cumulative weight value. 

The average particle size is achieved by controlling the zinc powder formation process 
and separating out (i.e., filtering) coarse zinc powder from the desired zinc powder during a 
sieving process which is known in the art In addition, the zinc dust is substantially separated 
out during the sieving process such that zinc dust amounts to less than 1 weight percent of total 

1 15 zinc. It should be appreciated that by limiting the amount of zinc dust employed in the anode to 
less than 1 weight percent of total zinc, the amount of anode gassing is advantageously 
controlled to prevent excessive gassing. Accordingly, the present invention employs zinc 
powder having an average particle size of approximately 110 micrometers, while limiting the 
amount of zinc dust so as to minimize gassing within the cell. 
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120 One advantage to minimizing the gassing by reducing the quantity of zinc dust in the 

zinc powder is that surfactants conventionally used by battery manufacturers to reduce gassing 
can be eliminated from the anode's formula Examples of typical surfactants are disclosed in US 
Patent No. 5,378,559. As a consequence of eliminating the need to use a surfactant in the anode, 
the electrochemical cell of this invention is manufactured free of surfactants leaving more 

125 volume for active electrochemical materials. While eliminating the use of surfactants is 
preferred, some embodiments of this invention may employ a surfactant to further reduce anode 
gassing. 

Referring to FIG. 1, a cutaway view of a cylindrical alkaline electrochemical cell 10 is 
shown employing zinc powder in an electrode according to the teachings of the present 

130 invention. Alkaline cell 10 generally includes a steel can 12 having a cylindrical shape with a 
closed bottom-end and an open top end A raetalized, plastic film label 14 is formed about the 
exterior surface of steel can 12, except for the ends of steel can 12. At the closed end of steel 
can 12 is a positive cover preferably formed of plated steel. Rim label 14 is formed over the 
peripheral edge of positive cover 16. The electrochemical cell 10 includes a positive electrode, 

135 referred to herein as the cathode 20 or first electrode, formed about the interior surface of steel 
can 12. The cathode 20 is preferably formed of a mixture of manganese dioxide, graphite, 
potassium hydroxide and water solution, and additives. A separator 22, which is preferably 
formed of a non-woven fabric that prevents migration of any solid particles in the cell is 
disposed about the interior surface of cathode 20. An alkaline electrolyte 24, preferably formed 

140 of potassium hydroxide solution, is disposed in the cathode 20, preferably within the interior of 
separator 22. 

The electrochemical cell 10 further includes a negative electrode, referred to herein as 
the anode 18 or second electrode. Hie anode 18 is disposed in an anode compartment formed 
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within the separator 22 with the electrolyte 24 and in contact with a current collector 26, which 
145 may include a brass nail. The anode 18 is a gel-type anode formed of a zinc powder 25 
suspended in a gelling agent and alkaline electrolyte. The zinc powder 25 preferably has a 
relatively small particle size and yet has little or no zinc dust as provided according to the 
, present invention. The anode 18 is composed of about 67 weight percent zinc powder, 0.5% 

weight percent gelling agent/indium salt, and 32.5 weight percent aqueous electrolyte which has 
150 40%KOH/3%ZnO. 

A nylon seal 30 is used to seal closed the open end of steel can 12 to prevent leakage of 
the active materials contained in steel can 12. Nylon seal 30 contacts a metal washer 28 and an 
inner cell cover 34, which is preferably formed of steel. A negative cover 36, which is 
preferably formed of plated steel, is disposed in contact with current collector 26 via a weld or 
1 155 pressure contact Negative cover 36 is electrically insulated from steel can 12 by nylon seal 30. 
, The electrochemical cell 10 of Figure 1 is assembled by providing an steel can 12, also 

referred to herein as an open-ended container, into which cathode 20 is inserted The cathode is 

I formed about the interior surface of steel can 12. Separator 22 is inserted into the container 

i 

within the hollow region defined by the cathode. Anode 18 is formed comprising a zinc powder 
160 containing less than 1 weight percent zinc dust, based on the total weight of the zinc. The zinc 
dust has a particle size less than 25 micrometers. Anode 18 is disposed within steel can 12 so 
, that the anode 18 is physically separator from the cathode 20 by the separator 22. The steel can 

is then sealed close by crimping the current collector assembly to the open end of steel can 12. 
The current collector assembly comprises nylon seal 30, current collector 26, metal washer 28, 
165 inner cover 34 and negative cover 36. 
1 Referring to FIG. 2, a method 40 of making a negative electrode for assembly in an 

alkaline electrochemical cell is illustrated therein. Method 40 includes the initial step 42 of 
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providing super high-grade (SHG) zinc which is typically available in the form of zinc ingots. It 
' should be appreciated that super high grade zinc is preferably of a high-grade quality containing 

170 a low amount of impurities, if any. In step 44, the zinc is uniformly mixed with bismuth, 
indium, and aluminum to form a zinc alloy, referred to herein as BIA zinc, according to one 
embodiment The individual quantities of bismuth, indium, and aluminum are typically between 
1 50 ppm and 250 ppm. Examples of suitable alloys are disclosed in United States Patent No. 

5,312,476. Step 44 may include melting the zinc ingots at a sufficient temperature, uniformly 
175 mixing the molten zinc with bismuth, indium and aluminum, and blowing the molten mix 
through a nozzle to cool and produce BIA zinc powder. Processes for forming zinc powder are 
I well-known in the art, and zinc powder commercially available for use in electrochemical cells 

is available from Big River Zinc (USA), Union Miniere (Belgium), Griilo (Germany), Noranda 
(Canada) and Toho 2Snc (Japan). It should be appreciated that other forms of zinc powder either 
1 80 alone or in combination with other additives may be employed. Once cooled, the zinc powder is 
generally made up of various size zinc particles which generally may range in size from about 2 
micrometers to 700 micrometers in size, for example. It should be appreciated that step 44 of 
forming zinc powder may be optimally controlled to achieve a desired average zinc particle size. 
Proceeding to step 46, the zinc powder is sieved to separate and remove coarse zinc 
i 185 powder having a particle size greater than 500 micrometers, for example. The coarse powder 
sieving may be achieved by employing a sieve having a U.S. mesh size of 35 which has an 
opening size of 500 micrometers. In step 48, the zinc powder is further sieved to separate and 
remove zinc dust having a particle size less than 25 micrometers. The removal of zinc dust by 
sieving may be achieved by employing a sieve having a U.S. mesh size of 500 which has an 
190 opening size of 25 micrometers. Repeated sieving may be employed until the zinc dust 
remaining is less than 1 weight percent of the total zinc powder. Other zinc dust removal 
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techniques, such as floatation separation, may be employed to achieve less than 1 weight percent 
zinc dust. The sieved zinc powder is then suspended in a gelling agent in step 50. Suitable 
gelling agents, such as Carbopol C940 from B.F. Goodrich, are known in the art The anode 
195 mix is then injected into an anode compartment in the electrochemical cell in step 52. 
Thereafter, assembly of the electrochemical cell is completed according to known cell assembly 
techniques in step 54. 

Referring to FIG. 3, comparative data is shown illustrating the gas evolution measured 
during a test for different percentages of zinc dust ranging from 0 to 2 weight percent of total 

200 zinc. The test was performed by mixing up to 5 grams of zinc powder having an average Dso 
particle size of 110 micrometers and 45 percent KOH solution in an inverted test tube and 
heating the test tube in an oven at 7I°C. The amount of gas evolution in units of 
microliters/gram/day was measured for each sample of zinc powder containing zinc dust in the 
amounts of 0, 0.14, 0.28, 0.50, 1.0, 1.5, and 2.0 weight percent of total zinc. At 1.5 weight 

205 percent zinc dust, the amount of measured gas evolution dropped substantially from the gas 
evolution measured at 2 weight percent zinc dust Further, for zinc powder having less than 1 
weight percent zinc dust, the measured gas evolution is more substantially reduced. Most 
preferably, the least amount of measured gas evolution was experienced with zinc powder 
having substantially no zinc dust. 

2io Referring to FIG. 4, the amount of gas evolution measured during another test is 

illustrated for various zinc particle sizes. When the entire zinc powder has a zinc particle size of 
less than 25 micrometers, the largest amount of gas evolution is experienced. The amount of gas 
evolved is reduced when the zinc powder particle size is increased above 25 micrometers. 
Accordingly, larger zinc powder particle sizes will typically produce less gassing in the cell. 
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215 However, a reduced zinc powder particle size will generally enhance the cell discharge 
performance at a high rate discharge. 

The present invention advantageously employs an average zinc particle size of less than 
or equal to 150 micrometers, and more preferably equal to approximately 110 micrometers, 
while minimizing the amount of zinc dust having a particle size of less than 25 micrometers to 

220 less than 1 weight percent of the total zinc. 

It is contemplated that other cathodes, separators, cell cans, and collector and seal 
assemblies may be employed in use in various types of alkaline electrochemical cells with the 
anode containing zinc powder in accordance with the present invention. Accordingly, the zinc 
powder of the present invention can be employed in any zinc-based gel-type anode in an alkaline 

225 electrochemical cell. 
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The invention claimed is: 
L A negative electrode for an alkaline electrochemical cell, said negative electrode 
comprising zinc powder having an average particle size greater than 25 micrometers, wherein 
said zinc powder has less than 1 weight percent zinc dust of a particle size less than 25 
5 micrometers. 

2. The electrode as defined in claim I, wherein said zinc powder has an average particle 
size of 150 micrometers or less. 

3. The electrode as defined in claim 2, wherein said zinc powder has an average particle 
size of 45 micrometers or more. 

10 4. The electrode as defined in claim 2, wherein said zinc powder has an average particle 
size of 65 micrometers or more. 

5. The electrode as defined in claim 2, wherein said zinc powder has an average particle 
size of 85 micrometers or more. 

6. The electrode as defined in claim I, wherein said zinc powder has an average particle 
15 size between 100 micrometers and 120 micrometers. 

7. The electrode as defined in claim 2, wherein said zinc powder has an average particle 
size of approximately 110 micrometers. 

8. The electrode as defined in claim L, wherein said negative electrode is substantially free 
of surfactant. 

20 9. The electrode as defined in claim 1, wherein said zinc powder is suspended in a gelling 
agent 

10. The electrode as defined in claim 1 , wherein said negative electrode further comprises an 
alkaline electrolyte. 
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11. The electrode as defined in claim I, wherein said negative electrode contains 
substantially no zinc dust having a particle size of less than 25 micrometers. 

12. The electrode as defined in claim 1, wherein said zinc powder has less than 0.5 weight 
percent zinc dust. 

5 13. The electrode as defined in claim 1, wherein said zinc powder has less than 0.28 weight 
percent zinc dust. 

14. The electrode as defined in claim 1, wherein said zinc powder has less than 0.14 weight 
percent zinc dust 

15. An alkaline electrochemical cell comprising: 
10 a first electrode; 

an alkaline electrolyte; and 

a second electrode containing zinc powder having an average particle size substantially 
greater than 25 micrometers, wherein said zinc powder contains less than 1 weight percent zinc 
dust of a particle size less than 25 micrometers. 
15 16. The electrochemical cell as defined in claim 15, wherein said zinc powder has an 
average particle size of 150 micrometers or less. 

17. The electrode as defined in claim 16, wherein said zinc powder has an average particle 
size of 45 micrometers or more. 

18. The electrode as defined in claim 16, wherein said zinc powder has an average particle 
20 size of 65 micrometers or more. 

19. The electrode as defined in claim 16, wherein said zinc powder has an average particle 
size of 85 micrometers or more. 

20. The electrode as defined in claim 16, wherein said zinc powder has an average particle 
size between 100 micrometers and 120 micrometers. 
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21. The electrochemical cell as defined in claim 16, wherein said zinc powder has ian 
average particle size of approximately 1 10 micrometers. 

22. The electrochemical cell as defined in claim 15, wherein said negative electrode is 
' substanti al ly free of surfactant 

5 23. The electrochemical cell as defined in claim 15, wherein said zinc powder is suspended 
in a gelling agent 

24. The electrochemical cell as defined in claim 15, wherein said negative electrode further 
comprises an alkaline electrolyte. 

25. The electrochemical cell as defined in claim 15, wherein said negative electrode contains 
10 substantially no zinc dust having a particle size of less than 25 micrometers. 

26. The electrochemical cell as defined in claim 15, wherein said zinc powder contains less 
than 0.5 weight percent zinc dust 

I 27. The electrochemical cell as defined in claim 15, wherein said zinc powder contains less 

than 0.28 weight percent zinc dust. 
5 15 28. The electrochemical cell as defined in claim 15, wherein said zinc powder contains less 

than 0. 14 weight percent zinc dust. 

, 29. A method of forming a negative electrode for an alkaline electrochemical cell, said 

i 

method comprising the steps of: 
providing zinc powder; 

20 substantially removing zinc dust from said zinc powder so that the zinc powder contains 

less than 1 weight percent zinc dust of a particle size less than 25 micrometers; and 

forming a negative electrode with the zinc powder.^ 
30. The method as defined in claim 29 further comprising the step of mixing the zinc 
powder with a gelling agent to form a gel-type negative electrode. 

-13- 
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3 1 . The method as defined in claim 29 further comprising the step of disposing the negative 
electrode in a container. 

32. The method as defined in claim 29 further comprising the step of removing coarse zinc 
particles from the zinc powder. 

5 33. The method as defined in claim 29 further comprising the step of adding alkaline 
electrolyte to the negative electrode. 

34. The method as defined in claim 29, wherein said zinc powder has an average particle 
size of 150 micrometers or less. 

35. The electrode as defined in claim 34, wherein said zinc powder has an average particle 
10 size of 45 micrometers or more. 

36. The electrode as defined in claim 34, wherein said zinc powder has an average particle 
size of 65 micrometers or more. 

37. The electrode as defined in claim 34, wherein said zinc powder has an average particle 
size of 85 micrometers or more. 

15 38. The electrode as defined in claim 34, wherein said zinc powder has an average particle 
size between 100 micrometers and 120 micrometers. 

39. The method as defined in claim 34, wherein said zinc powder has an average particle 
size of approximately 1 10 micrometers. 

40. The method as defined in claim 34, wherein said step of substantially removing zinc dust 
20 comprises removing substantially all of said zinc dust 

41. The method as defined in claim 29, wherein said step of substantially removing zinc dust 
from said zinc powder provides zinc powder containing less than 0.5 weight percent zinc dust 

42. The method as defined in claim 29, wherein said step of substantially removing zinc dust 
from said zinc powder provides zinc powder containing less than 0.28 weight percent zinc dust. 

-14- 
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43. The method as defined in claim 29, wherein said step of substantially removing zinc dust 
from said zinc powder provides zinc powder containing less than 0. 14 weight percent zinc dust. 

44. The method as defined in claim 29, wherein said step of substantially removing zinc dust 
comprises the step of sieving the zinc powder with a mesh sieve having a U.S. mesh size of 500. 

5 45. A method of manufacturing an electrochemical cell, said method comprising the steps 
of: 

providing a container with an open end; 
disposing a first electrode within said container, 

inserting a separator within said container and in contact with said first electrode; 
10 forming a second electrode with a zinc powder containing less than 1 weight percent 

zinc dust, based on the total weight of zinc, said dust having a particle size less than 25 
micrometers; 

disposing said second electrode within said container and physically isolated from said 
first electrode by said separator. 
15 disposing an electrolyte within said container and in contact with said first and second 

electrodes; and 

sealing the open end of said container. 

46. The method of manufacturing an electrochemical cell according to claim 45, wherein 
said zinc powder has an average particle size greater than 25 micrometers and less than 150 

20 micrometers. 

47. The method of manufacturing an electrochemical cell according to claim 45, wherein 
said zinc powder has an average particle size greater than 45 micrometers and less than 150 
micrometers. 
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48. The method of manufacturing an electrochemical cell according to claim 45, wherein 
said zinc powder has an average particle size greater than 65 micrometers and less than 1 50 
micrometers. 

49. The method of manufacturing an electrochemical cell according to claim 45, wherein 
5 said zinc powder has an average particle size greater than 85 micrometers and less than 150 

micrometers. 

50. The method of manufacturing an electrochemical cell according to claim 45, wherein 
said zinc powder has an average particle size between 100 micrometers and 120 micrometers. 

51. The method of manufacturing an electrochemical cell according to claim 45, wherein 
10 said zinc powder has less than 0.5 weight percent zinc dust of a particle size less than 25 

micrometers. 

52. The method of manufacturing an electrochemical cell according to claim 45, wherein 
said zinc powder has less than 0.28 weight percent zinc dust of a particle size less than 25 
micrometers. 

15 53. The method of manufacturing an electrochemical cell according to claim 45, wherein 
said zinc powder has less than 0.14 weight percent zinc dust of a particle size less than 25 
micrometers. 

54. The method of manufacturing an electrochemical cell according to claim 45, wherein 
said electrolyte is an alkaline electrolyte. 
20 55. The method of manufacturing an electrochemical cell according to claim 45, wherein 
said second electrode is free of surfactant 
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MIX ZINC WITH BISMUTH. INDIUM. ANO 
ALUMINUM ANO FORM BIA ZINC POWOER 



SIEVE TO REMOVE COARSE ZINC POWOER 
HAVING A PARTICLE SIZE GREATER THAN 500 MICROMETERS 
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SIEVE TO REMOVE ZINC OUST HAVING A 
PARTICLE SIZE LESS THAN 2S MICROMETERS 
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SUSPENO ZINC PARTICLES IN A GELLING 
AGENT TO FORM AN ANOOE GEL MIX 
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INJECT ANOOE GEL MIX INTO 
ANOOE COMPARTMENT OF CELL 



COMPLETE ASSEMBLY OF CELL 
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